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Challenges to therapeutic intervention 
in NF2 and SWN

• In both conditions NF2 is lost in tumors (despite different germline mutations: 
NF2, SMARCB1, LZTR1…)

• Benign nature of tumors precludes use of strategies targeting rapidly dividing, 
metabolically active cells

• Reduced therapeutic window for treatment

• Exploiting unique features of NF2-/- tumor cells to target the broad 
consequences of NF2 protein loss  => gene replacement therapies?

• Would NF2 re-expression, even if successfully delivered, stop or reverse tumor 
growth?

• Tumor-specific therapeutic targets

• Strategies for delivering therapeutics 
• Validation of NF2 gene replacement as a viable therapeutic strategy

=> key unmet needs for NF2 tumor therapy



Current and applicable definitions of human gene therapy 
FDA (Cellular & Gene Therapy Guidances, July 20, 2018) 

EU commission (Directive 2001/83/EC, Part IV of Annex I)

A biological medicinal product containing recombinant nucleic acid used in or administered 
to a human to regulate, repair, replace, add, or delete a genetic sequence 

with the aim to treat or cure diseases 

The discipline of gene therapy includes: 

(1) in vivo vector-mediated gene therapy  

(2) ex vivo cell transduction gene therapy

(3) genome editing 



Schwannomas and Meningiomas are appealing targets for gene therapy: 

1) Slow growing

2) Few (if any) recurring genetic alterations in addition to NF2 loss

3) can be readily localized using magnetic resonance imaging for direct 
intratumoral vector injection. 

Gene-therapy is potentially advantageous compared to resection: 

1) Minimally invasive

2) Kills tumor cells without damaging tumor-associated nerve

3) May allow treatment of lesions not amenable to resection



2022

1) Gene therapy for schwannoma via direct 
intratumoral injection of apoptosis inducing genes

• Direct intra-tumoral injection of AAV1 vector into 
schwannomas grafted in the mouse sciatic nerve

• Schwann cell specific promoter (P0) protects 
neuronal tissue from potential off-target toxicity

• Significant reduction in tumor growth



PMOs may not be useful for correcting splicing when 
mutations are located in splicing canonical sites, since the 
use of these antisense molecules results in Merlin loss

A deep intronic mutation responsible for an aberrant NF2 splicing 
could be corrected by the use of Phosphorodiamidate Morpholino
Oligomers (PMOs) and recover Merlin function

2) Aberrant splicing correcting approach as a genotype-dependent therapeutic 
for NF2

=> Approach might be useful therapeutically in a subset of patients



3) Tumor suppressor gene replacement therapies

Pre-clinical studies:

Clinical trials:

P53 mutant tumors

• Gendicine™

• (Ad-p53) intratumoral injection

• Enters tumor cells by receptor-mediated endocytosis => p53 overexpression

• Shows efficacy alone and synergistically with conventional treatments, chemo- and radiotherapy. 

• p53 mutation status of the tumor cells and response to Ad-p53 treatment are not closely correlated

• Produces fewer side effects than conventional therapy

• Approved by China State Food & Drug Administration in 2003 for H&N squamous cell carcinoma

• Tested in a number of clinical trials for HCC, NSCLC, malignant glioma, and epithelial ovarian carcinoma

• No information is available about the submission of clinical data for approval from the USFDA to 
date

• Advexin™

• (Ad-p53) systemic (intravenous) delivery

• Tested in both preclinical and phase I/II clinical trials (colorectal cancer, HCC, NSCLC, prostate, breast, 
ovarian, bladder, glioma, and squamous cell carcinoma of H&N) and in a Li-Fraumeni patient

• Not FDA approval yet

Ø Summary Adp53 gene therapy

• Well tolerated, feasible
• Exerts promising antitumor effects in some cases, 
• its overall clinical efficacy is not conclusive. 
• No Adp53 therapies have been approved in the USA



Tumor suppressor gene replacement therapies - TSC

• TSC1 GEMM model (AAV1-Cre injected at P0)

• AVV-hamartin serotypes rh8 and 9 (cross the BBB), increased survival 
time by at least 3-to 13-fold.

• Increase in survival was accompanied by normalization of sizes of 
ventricles and neural cell bodies in the brain 

• Well tolerated



Challenges of gene replacement therapy for NF2

Vector selection

• Viral (AAV, which serotype to target Schwann and arachnoid 
cells in vivo?)

• Non-viral (exploiting macropinocytosis proficiency of NF2-
deficient cells, nanoparticles?)

Transduction efficiency and selectivity

• Intratumoral delivery vs. Systemic delivery (CSF?)
• NF2 expression levels and expression mosaicism for efficacy  

Safety of acute over-(re-)expression of NF2:

• Potential dominant negative/dominant effect of NF2 isoforms
overexpression

• Effect on normal (NF2+/-) cells?  
• Selectivity  (tissue-specific promoters?)
• Safety



Wide spread delivery in the brain and spinal cord can be achieved through the CSF: 
intracerebroventricular (ICV)
intracisterna magna
intrathecal injections 

(Hocquemiller et al., 2016; Taghain et al., 2020) 

Intrathecal injections by lumbar puncture achieve extensive spinal cord transduction 

Administration into the cisterna magna delivers the drug closer to the targeted brain areas and has 
shown transduction in the spinal cord as well as brain 

CSF injection of AAV vectors deliver genes throughout the brain and spinal cord in non-human 
primates 
(Bey et al., 2020)

Delivery Strategies for NF2/SWN Gene Therapy to the PNS and Meninges



Gene replacement therapy in a schwannoma mouse model of NF2

• AAV-based delivery of functional merlin induces inhibition of mTORC1 
activation in NF2-null AC and SC cells in culture.

• A single intratumoral injection of an AAV-merlin vector suppressed tumor 
growth in a sciatic nerve xenograft model using human NF2-null immortalized 
Schwann cells

• The study serve as a proof of principle that restored merlin expression in 
NF2-deficient tumor cells can provide therapeutic efficacy

Shilpa Prabhakar (X. Breakefield Lab.) and Roberta L. Beauchamp (V. Ramesh Lab.) et Al.
Submitted for publication



• Viral and macro-therapeutic delivery are potential options for Nf2 gene replacement 
in NF2-mutant tumors

• These approaches initiate a new pipeline for preclinical studies in 
NF2/schwannomatosis

• Advanced testing of these approaches (safety/efficacy) will require scaling up in 
larger animal models 

Summary 
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